Background -English bulldogs (EBDs) are considered to commonly show signs of pododermatitis and gastrointestinal (GI) disease.
Introduction
English bulldogs (EBDs) are a common breed and are reported to be susceptible to demodicosis, intertrigo, interdigital folliculitis/furunculosis and atopic dermatitis. 1, 2 Anecdotally, at least in the United States, they are thought to have increased frequency of pododermatitis and abnormal gastrointestinal (GI) signs such as belching and flatulence. No studies have looked at a population of EBDs to determine whether this is the case.
The original aim of this study was to identify a population of apparently healthy EBDs that fitted published criteria, 3 and to compare historical, pedal examination findings and pedal cytological findings seen in that population, to a population of EBDs with dermatological disease. We also sought to compare pruritic behaviours and GI signs of an apparently healthy population of EBDs to the apparently healthy population of dogs (albeit with no English bulldogs), as reported previously. 3 In order to find healthy EBDs, the authors attended two breed-specific dog shows in the United States. Show dogs were selected because they represent the ideal standard of the breed and are a population actively contributing to the genetic pool. Because this breed has been described as having low genetic diversity, 1 findings of this population could theoretically be applied to EBDs in the United States in general.
We were unable to find a dog that fitted the previously reported criteria for healthy, so this study focuses on why EBDs were excluded from the original criteria. We describe pedal examination findings, pruritic behaviours and GI signs from a population of show EBDs and compare the findings to a previous report for healthy dogs.
Methods and materials Study design
Cross-sectional study.
Inclusion criteria
A table was set-up at two EBD shows that owners could approach and participate at will. The original and initial inclusion criteria to determine an apparently healthy dog were based on a previous study and included the following: a physical examination at the time of inclusion deemed unremarkable by the participating investigator; age of the dog ≥12 months and owned for ≥12 months; not ingesting a veterinarian-prescribed therapeutic diet (past or present); no history of systemic or metabolic disease; no history of vomiting or diarrhoea for the previous six months; no history of pyoderma, otitis or other skin/hair diseases; no history of pruritus according to the owner or that required the owner to have the dog's skin evaluated by a veterinarian and no history of antimicrobial, immunomodulator (prednisone, prednisolone, ciclosporin, azathioprine and other chemotherapeutic medications) or nonsteroidal anti-inflammatory drugs (NSAIDs) for the previous 12 months, as well as no other medications besides flea control and heartworm preventative. 3 None of the examined dogs met these criteria, so the inclusion criteria were modified. The new inclusion criteria were that all dogs were required to be ≥12 months of age and owned for ≥12 months for accurate historical data to be collected.
Pruritus Visual Analog Scale (pVAS), Faecal Condition Score (FCS) and Body Condition Score (BCS)
A pVAS was obtained from the owner (score range 0-10) using a previously validated scale. 4, 5 The owners were asked to evaluate a Purinaâ (St. Louis, MO, USA) faecal scoring chart (range 1-7) and choose one faecal score that best corresponded to their dog's average faecal consistency. Each dog was scored using a nine-point validated BCS system.
6,7

Examination
A thorough examination was performed on the dorsal and ventral aspect of all paws of all dogs. If the temperament of the dog allowed, an extended dermatological examination was performed including visualization of the external ear canal; otoscopic examinations were not performed. Presence or absence of pedal lesions were recorded including erythema, staining, alopecia, lichenification, exudation, moisture, comedones, redundant tissue folds, papules, paronychia, interdigital furuncles, erosions and ulcerations. Exudate was defined as the presence of liquid to caseous material in the interdigital space, further characterized by colour (yellow, white or black/brown). Erythema, lichenification and alopecia of the paws were empirically graded with a four-point scale (0 absent, 1 mild, 2 moderate and 3 severe) based on a previous study. 8 Erythematous body sites in addition to the paws were recorded, and total body sites of erythema were quantified per dog.
Historical survey
Owners were asked to complete two questionnaires (unassisted) regarding the animal's medical history, specifically historical GI and dermatological information including pruritic behaviours, current diet and medications. The first questionnaire was identical to that used in a previous study. 3 The second questionnaire was created by the authors to facilitate inclusion criteria specific for this study and to provide additional information about lifestyle factors (Table S1 ).
Cytology
An impression smear was obtained from the interdigital skin of each dorsal and ventral paw by gently pressing and rubbing a clean glass microscope slide (Thermo Scientific sandblasted single frosted precleaned microscope slides, Erie Scientific LLC; Portsmouth, NH, USA) against the skin surface. A finger was placed on the reverse side of the slide near the site of sampling to aid skin contact which decreased the possibility of breaking the slides. Lesional skin was selected if present; otherwise, the skin between digits 3 and 4 was selected. The samples were air-dried, heat-fixed and stained with a modified Wright's stain (Diff Quik, Astral Diagnostics; West Deptford, NJ, USA) according to the manufacturer's instructions. A coverslip was attached to the slide with Permount solution (VETone, MWI; Boise, ID, USA). All slides were labelled only with the assigned number of the dog and the paw from which the sample was obtained. The slides were read separately, at different times, in a blinded fashion by two investigators using a slight modification of a previous study. 9 Ten oil immersion fields (OIFs) were evaluated with identical site selection criteria; in this study, two sites were then selected and five fields were examined per site and combined for a total of ten OIFs. All scores were averaged across the 10 OIFs for each slide. Ten OIFs were selected as a representative sample of the entire slide as consistent with previous cytological studies. [9] [10] [11] Polymorphonuclear leucocytes (PMNs) and nuclear streaming were scored as present (1) or absent (0) and were recorded separately and also combined into a category named cytological inflammation. This category was created to take into account those OIFs that had either or both PMNs and nuclear streaming, to indicate the presence of inflammatory cells. After both investigators read all slides, an average was taken of all scores. Erythema, presence of exudate, colour of exudate (brown/black or white or yellow) and staining of the paws were compared statistically to cytological findings.
Statistical analyses
All analyses were performed using SAS v9. A significance threshold of P ≤ 0.05 was used. Because the scores used for cytological evaluation were obtained by averaging the findings of two investigators, intraclass correlation coefficients (ICCs) were performed to gauge reliability of the agreement. ICCs were calculated for cytological parameters for all values and for dorsal and ventral values separately, based on a single rating, absolute agreement, two-way random effects model for cytological parameters to test for inter-rater agreement. Statistical methods which consider that there is a correlation in variables between paws within the same dog were used when possible to assess association of variables rather than statistical methods which assume the independence of observations. Namely, linear mixed models and generalized linear mixed models (GLMM) were used. Each GLMM or linear mixed model included, alternatively, a fixed factor or covariate of interest and a fixed factor of dorsal or ventral (skin sample location) and a random intercept for each dog. For GLMMs, a binomial distribution with a logit link function was used. Pearson correlations were used to test for association of pVAS and frequency of pruritic behaviours.
Results
There were 34 EBDs evaluated, 16 males and 18 females, and all dogs were intact. None of the dogs fitted the inclusion criteria for a healthy dog ( Figure 1 ). All dogs were excluded for abnormal physical examination. Twenty eight dogs were excluded for more than one criteria (Table S2) . Twenty two of 34 dogs were excluded for medication administration, with many dogs receiving more than one medication. Fifteen dogs were reported to receive an antimicrobial medication and ten received a medication directed at treating pruritus and/or inflammation ( Figure 2 ). Sixteen dogs were reported by their owners to have a history of dermatological disease, with some owners reporting more than one disease per dog. The number of dogs reported to have been affected with dermatological diseases were pyoderma (seven), demodicosis (five), unspecified allergic skin disorder (three), historical otitis (two), miscellaneous skin or coat disorders (two), nonpruritic alopecia (two) and history of urticarial reactions (one). Eleven dogs had a history of pruritus. The owners of nine dogs reported a history of other systemic diseases. Nine dogs had a history of vomiting and/or diarrhoea within the past six months.
A total of 136 paws were examined. Erythema, staining, alopecia, lichenification and exudation were the most frequently documented lesions ( Table 1) . Erythema of the ventral paw was statistically more common and severe than that of the dorsal aspect (P < 0.0001). Other body areas commonly affected by erythema were the chin or muzzle area, facial folds and the external orifice of the ear canal and/or concave pinna. The mean BCS was 5.97 with 29 of 34 dogs having a BCS above 4.5.
The mean pVAS was 1.65 (within the normal range); 3, 5 however, there was substantial variation. The owner of dog W7 declined to provide a pVAS score. Out of 33 dogs, eight were reported to have an abnormal pVAS score >1.9, and seven of those eight dogs were reported to have a score > 3.0. Nine dogs had a pVAS of zero. This population of EBDs had a comparatively higher pVAS and increased frequency of facial rubbing, but otherwise pruritic behaviour values did not differ significantly from a study population of healthy dogs (Table 2) . 3 Gastrointestinal signs were not significantly different from a study population of healthy dogs, 3 with the exception of FCS and increased frequency of belching, flatulence and regurgitation (Table 3) .
Cytology was assessed for 33 of 34 dogs. Samples were not collected from dog W17 due to owner time-constraints at the end of the show. There was incomplete data collection from dog W7 due to aggression of the dog during sampling and dog W15 due to labelling error. No slides were broken in the sampling process. Microbe numbers were higher on the ventral aspect of the paw compared to the dorsal aspect (Table 4) , and the ICC values reflected this difference (Table 5 ). There was no difference in the presence or level of cytological inflammation between dorsal and ventral paws or front and hind paws. Seventy nine paws had cytological evidence of inflammation with 31 of 33 dogs having at least one affected paw.
Although erythema and staining were common, they did not correlate with the cytological findings. The presence of exudate was positively correlated with cytological inflammation (P = 0.0379). Specifically, white-coloured exudate was positively correlated with both the presence of cocci (P = 0.0143) and cytological inflammation (P = 0.0002). Mild to moderate pedal erythema was extremely common with all 34 dogs having at least one affected paw, but this was not statistically correlated with cytological inflammation (P = 0.0577) or increased numbers of cocci (P = 0.7467), rods (P = 0.7124) or yeast (P = 0.1326). There also were no significant associations of erythema with increased pruritic behaviours or pVAS. Although pVAS was positively correlated with the pruritic behaviours of paw licking (P = 0.0102) and head shaking (P = 0.0024), there was no significant association of pVAS with any cytological parameters. There was no association between BCS and either cytological inflammation or erythema of the paws.
The owners of eight dogs described the dog as having lameness at least a few times per year and seven of the owners identified an affected limb. A dog described as lame was significantly likely to have cytological inflammation present on at least one of its paws (P = 0.0077). This finding failed to reach significance when examined by paw; meaning a lame paw, as identified by the owner, was not significantly more likely to have cytological inflammation (P = 0.0528). Thirty one per cent of cytological samples with evidence of inflammation were taken from lame dogs. There was no association between lameness and erythema of the paws.
Discussion
This study evaluated EBDs that were presented for evaluation when at a dog show. After attending two shows, we were unable to find an EBD that met established criteria for a healthy dog. 3 It is interesting that every dog examined for this study had the abnormal physical examination finding of pedal erythema (94% of paws). However, erythema did not correlate to cytological findings or to increased pruritic behaviours or to elevated pVAS. Therefore, erythema may not always be predictive of cytological abnormalities or owner-recognized pruritus in the bulldog. These findings support the conclusions of a previous study that demonstrated the lack of consistent clinically relevant correlation between pruritus and erythema. 12 In the present study, the presence of whitecoloured exudation correlated directly with the presence of inflammatory cells and cocci, supporting that this may indicate pyoderma when present, although pustules, crusts or papules were not present.
Cytological findings from the paws of 31 of 33 dogs had evidence of cytological inflammation. Previous criteria state that PMNs and nuclear streaming are abnormal findings; 9,13 however, to the best of the authors' knowledge, no studies have looked at cytological findings specifically from the paw. It is possible that EBDs have a higher level of inflammation in their paws due to conformational trauma, normal breed variation or a combination. It also is possible that paws from any breed of dog may have more inflammation, because this is a site that experiences some degree of trauma with normal ambulation. Cytological inflammation was positively correlated with lameness; however, the number of lame dogs in this study was relatively low and full orthopaedic examinations were not performed. In addition, 23 dogs who were not lame also had cytological evidence of inflammation suggesting that a cause other than lameness may be important. Overall, the numbers of cocci, rods and yeast were low and were within reported normal reported ranges. 9, 14 In order to decrease the risk of a single observer error and to avoid skewing the data based on a single observer's site selection on the slide, two investigators read the cytological slides. The overall reliability of agreement between readers was moderate and comparable to a previous study that used a similar method. 9 There was some change in reliability when evaluating samples collected from the dorsal aspect of the paw and this likely represents lower variability in the dataset which contained more zeroes compared to data from the ventral aspect. The ICC values are affected by variability in the data, Each behaviour was allocated a specific numerical score between 0 and 5: 0 never, 1 a few times/year, 2 a few times/month, 3 a few times/week, 4 daily and 5 multiple times/day. The frequencies for English bulldogs are compared with the frequencies for a population of previously apparently healthy (not bulldogs) dogs. sample size and number or raters being tested, 15, 16 and increase with the range of the data, even when the between-rater agreement stays constant. 17 Because this population of EBDs did not meet the criteria for a healthy dog, we cannot directly compare, or regard as equivalent, our study population with the group of previously reported healthy dogs. 3 Nonetheless, this population comprises the breeding stock of a breed with very low genetic diversity and is likely to be a representative cross-section, 1 and, therefore, these findings may represent typical findings for the EBD. Despite the frequency of pedal lesions, paw licking was not reported to be more frequent. However, this could be due to the inability of some EBDs to bring their paws near their mouth due to their conformation. Although the mean pVAS was within normal limits, 3, 5 it was nearly three times higher than the healthy population in a previous study, 3 and in contrast to that study, did not correlate with facial rubbing. 3 The increased frequencies of belching and flatulence support the anecdote that EBDs are a gassier breed and could be explained by aerophagia due to their brachycephalic nature rather than abnormal GI signs. 18 Regurgitation was five times higher in this population; however, the frequency was still quite low.
There are numerous limitations to this study. Most notably, the sample size of this population is small and there could have been some bias in terms of the owners' willingness to allow examination of their dogs. This study took place after the publication of a study that many breeders felt was threatening to the breed and this reaction likely impacted on participation in this study. 1 Furthermore, historical questionnaires rely on owner memory which can be unreliable. The nature of a dog show resulted in time constraints and owner distraction, and led to an owner occasionally omitting a piece of data.
Otoscopic examinations were not performed because this was not the focus of this study, and it was not feasible to travel with and sanitize the number of cones necessary for this purpose. Not performing an otoscopic examination could have led to missing ear disease or lesions in a dog otherwise deemed apparently healthy, but because we did not find any dogs meeting the criteria for healthy, this would not have impacted upon our Gastrointestinal signs were allocated a specific numerical score between 0 and 5: 0 never, 1 a few times/year, 2 a few times/month, 3 a few times/week, 4 daily and 5 multiple times/day. Additionally, for belching, a score of 0.1 was used for dogs that belched only after eating and drinking. For vomiting and regurgitation, a score of 0.1 was used for ≤once a year, then 1-5 being the same as defined previously (0 was not an option for these two signs). Scores for a healthy dog population (not English bulldogs) were taken from a previous study. results. Each pedal examination was performed by two of three investigators. Ideally, the same investigator would have examined each paw and graded lesions; however, we did use a reported four-point lesional scale shown to have high inter-and intraobserver reliability. 8 There also were several confounding factors for this population of dogs. Fifteen of these dogs had a recent history of antibiotic administration which could have falsely decreased bacteria numbers. Furthermore, these dogs received cosmetic bathing and treatment prior to the show, and handlers were observed applying wipes and powders to the paws which could have further decreased microbial numbers. It would have been of value to note what products were being used for this purpose (i.e. were antimicrobial products used) and if they were applied equally to the dorsal and ventral aspects of the paws, because this could have affected the results. In addition, ten dogs in this study were reported to receive a medication used to treat inflammation and/or pruritus and this could have affected our interpretation of erythema, pruritic behaviours, pVAS and perhaps cytological findings. Lastly, because we were unable to find a dog to meet our original criteria for healthy, we could not complete one of our original objectives of comparing an apparently healthy population of EBDs to the apparently healthy population of dogs in a previous study. 3 As such, comparison between these populations should be interpreted with caution.
Future studies should look at a larger population of EBDs, although in a previous study of 314 apparently healthy dogs, 3 no skin lesions were reported. It also may be helpful to advertise and recruit for healthy dogs that meet historical criteria for healthy rather than first examining the dogs and evaluating owner questionnaires. It would be interesting for this breed to be a subject of a lifetime study like that of golden retrievers. 19 It could be helpful to follow litters of puppies and determine at what point they develop lesions to determine if there is correlation with other clinical signs or possible change in weight to support conformational changes. Future studies should examine the cytology of the paws of more dogs of various breeds.
In conclusion, we were unable to find an EBD to fit established criteria for healthy at two breed-specific dog shows. All dogs were excluded based on abnormal dermatological examination, with all dogs having at least one lesional paw supporting that EBDs are often affected with pododermatitis. Furthermore, this population of EBDs had substantial levels of facial rubbing, and more than half were reported to receive a medication aimed at treating infection or inflammation/pruritus, almost half had a history of dermatological disease and nearly one third had a history of pruritus, providing further support that these dogs are prone to dermatological disease in general. This study also provides further support to the anecdote that EBDs have increased belching and flatulence. The presence of pedal lesions did not correlate with pruritic behaviours or cytological findings, with the exception of the correlation of white-coloured exudate with cytological inflammation and cocci. This supports the view that cytological evaluation is a valuable diagnostic modality because cytological findings could not have been predicted based on physical examination alone. 
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Resumen
Introducci on -se considera que los Bulldogs Ingleses (EBD) com unmente muestran signos de pododermatitis y enfermedad gastrointestinal (GI). Hip otesis/Objetivos -describir una poblaci on de EBDs presumiblemente sanos: (i) evaluar perros seg un los criterios publicados de salud, (ii) describir lesiones en las extremidades distales, si estaban presentes, (iii) describir comportamientos indicativos de prurito y signos GI y compararlos con valores normales, (iv) reportar hallazgos citol ogicos de los pies, y (v) determinar la correlaci on entre las lesiones, los resultados citol ogicos y los comportamientos indicativos de prurito. Animales -treinta y cuatro EBD participando en una exposici on canina. M etodos y materiales -se examinaron los perros y se recogieron muestras citol ogicas podales. Se evaluaron comportamientos indicativos de prurito, signos gastrointestinales y el historial m edico. Los propietarios completaron cuestionarios sobre la historia y el prurito evaluado. Resultados -ning un perro cumpli o los criterios de salud. Todos los perros tuvieron un examen dermatol ogico anormal, 22 de 34 ten ıan antecedentes de administraci on reciente de medicamentos y 16 de 34 ten ıan antecedentes de enfermedad dermatol ogica. Todos los perros tuvieron al menos un pie eritematoso. En comparaci on con los valores de una poblaci on de perros sanos, el rascado facial fue el unico comportamiento indicativo de prurito que estuvo aumentado, y los signos gastrointestinales fueron distinto en eructos, flatulencias y regurgitaci on. Los valores medios de evaluaci on citol ogica se encontraban dentro de los rangos normales a excepci on de la inflamaci on. Las lesiones no se correlacionaron con hallazgos citol ogicos o comportamientos indicativos de prurito, con la excepci on de exudaci on de color blanco con inflamaci on y cocos. Conclusiones e importancia cl ınica -este estudio corrobora que los EBD tienen lesiones podales frecuentes y antecedentes de enfermedad dermatol ogica, con m as de la mitad recibiendo medicaci on, as ı como una mayor frecuencia de eructos, flatulencia y rascado facial. Los hallazgos citol ogicos podales no fueron predictivos de lesiones con la excepci on de exudaci on de color blanco.
